Abstract: Ranges of different species of medicinal leeches (Hirudo spp.) are nearly mutually exclusive with very few areas of overlapping. This biogeographical pattern suggests different ecological requirements for the two species. However, two habitats in Hungary and Ukraine where populations of H. verbana and H. medicinalis coexist were found. The aim of this research was to reveal differences in size structures and phenologies between the two species in a steppe pond with two populations. The study was conducted from March to September in 2009 and 2010 in Horila Dolyna, Kharkiv Region. Leeches were collected several times during the season, weighed and released. The abundance of H. verbana was always higher. The Mann-Whitney U-test and the Wilcoxon test were applied. Significant differences between sequential samples within the species were found. The large weight classes of H. verbana emerged by the end of summer and caused a higher variance in contrast to H. medicinalis. This suggests the higher growth rate and the more r-strategic biology of H. verbana in comparison with the largely K-strategic H. medicinalis.
Introduction
The medicinal leeches are among the best studied invertebrates since they have been used for medical purposes for centuries (Phillips & Siddall 2009 ). Their behavior and biology turned out very suitable for various experiments in the field of neurobiology and toxicology (Petrauskien 2004; Declan et al. 1998 ). However, until recently medicinal leeches were applied without a clear understanding of their systematic status. Several taxa of medicinal leeches were combined by MoquinTandon (1846) under the name Hirudo medicinalis L., 1758 and several generations of researchers held that point of view (Lukin 1976; Sawyer 1986 ). In spite of this situation with its systematics, it was found that H. medicinalis contains some undescribed species. Nowadays it is generally recognized that four Hirudo species, H. medicinalis L., 1758, H. verbana Carena, 1820, H. orientalis, S. , and H. troctina Johnson, 1816, occur in Europe and adjacent parts of the world (Utevsky et al. 2010) . Their species status has been corroborated by morphology (Nesemann & Neubert 1999; , molecular markers (Trontelj et al. 2004; Siddall et al. 2007 ), chromosome numbers (Utevsky et al. 2008) and substantial reproductive barriers (Petrauskien et al. 2010) . Although the biology of medicinal leeches was studied under laboratory conditions quite carefully, ecological differences between them in nature are still unknown, e.g., population structure and phenological features of the particular species of the genus Hirudo, which were previously thought to be the same species.
It is also important that medicinal leeches are under the threat throughout the world (IUCN 2010) , and characterization of their wild populations would provide valuable information for the conservation of these animals. Some ecological studies of Hirudo spp. were already carried out in Europe, in particular a survey of H. medicinalis in Great Britain (Elliott & Tullet 1984; Elliott 2008) , H. verbana in Turkey (H. medicinalis in original publication by Demirsoy et al. 2001) and H. orientalis in Iran (Darabi-Darestani & Malek 2011) . However, information about the wild populations of these species is still fragmental.
The geographical distribution of Hirudo spp. was studied by Utevsky et al. (2010) , and it was ascertained the ranges of these species to be rather strictly separated. The range of H. verbana is "squeezed" between the ranges of H. medicinalis and H. orientalis, which are found to be sister species by many features. Our study area is situated in a place where two syntopic populations of medicinal leeches H. medicinalis and H. verbana share a lake in the north-east of Ukraine. Their cohabitation is rare and only a second known case in Europe after the Balaton area in Hungary (Nesemann & Neubert 1999) . The breeding of these two species was studied in laboratory and differences in reproductive strategies were found (Petrauskiene et al. 2011 ). Our research is aimed to study the phenology of two parapatric species of medicinal leeches H. verbana and H. medicinalis in syntopic populations and verify the hypotheses about their different ecological strategies in the wild.
A very favorable condition for achieving the purpose of our work was the sharing by two species the same water body, which meant the total identity of the permanent factors and enabled us to detect specific features of the studied populations.
Material and methods
Habitat description (study area) Horila Dolyna is an area situated on the third terrace of the Seversky Donets river in the north-east of Ukraine (Kharkiv Region) and includes several ephemeral lakes ( Fig. 1) , which are filled with water due to precipitations and probably with poor groundwater and dried off by the end of summer. This is a steppe region with alkaline soil and the typical steppe flora. Our research was concentrated on one of the lakes, which is unique because of cohabitation of two species of the medicinal leeches in it. This lake is a typical eutrophic freshwater lake, whose surface area depends on season changes and varies from 19 ha to total drying off by the end of summer; its depth was maximum in spring just after snow melted and reached 1.5-2 m. The bottom was silty, the silt thickness was about 20 cm. The lake covered with marsh vegetation as the bur reed Sparganietum sp., the mace reed Typheta sp., Ceratophylum tanaiticum etc. (Utevsky et al. 2000) . The lake serves as a temporary habitat for many species of waterfowl during their migrations and inhabited with some species of amphibians, in particular toads Bufo spp. and fire-bellies Bombina bombina L., 1758. These animals together with cattle grazed at the grasslands are a source of feeding for medicinal leeches. The water is mostly alkaline or neutral -pH varied from 10.4 in March to 8.5 in August, the content of dissolved oxygen was 80-88%, electric conductivity was 3.1 S m −1 (March) -4.5 S m −1 (August) and the temperature was up to 23
Sampling and data analysis
The lake was visited in 2009 and 2010 since March to September during the season with the periods of two weeks. Collectors were disturbing the water to attract animals, and leeches were swimming towards them and attaching to their legs. The leeches were collected into jars with water and then weighted. Weighting occurred in the field with application of an electron balance with the scale value 0.01 g. Each specimen was wiped to remove water from the animal's skin before weighting in order to increase measuring accuracy. It could be expected that satiated specimens were not sampled as they were not attracted by the collectors' agitation, and thereby only hungry leeches were weighted so that the blood in their guts could not cause measurement error. This assumption was corroborated by the visual appearance of the leeches as they looked thin and did not eject any blood after intentional pressing. After weighting leeches were released back to the lake. The physical and chemical water features as acidity, content of the dissolved oxygen, electronic conductivity and temperature were measured with the appropriate equipment: Hanna Waterproof pH Tester, Hach sencION6 Dissolved Oxygen Meter and Hanna Waterproof TDS/EC/Temp Meter respectively. For data analysis we applied Mann-Whitney U-test and Wilcoxon test.
Results

2009
The leeches were detected only twice during the season: 26 April and 26 May. The first sample contained 166 specimens of both species and appeared to be the maximum abundance in two years (Table 1) . In May the quantity was lower, and by the end of June we found the lake totally dried off.
In April Hirudo verbana appeared more abundant than Hirudo medicinalis in proportion 2:1 (Table 1 ). The analysis of weight structure showed both populations were quite homogeneous in April: only few weight classes were determined, though each of them was nu- merous (Fig. 2 ). Classes were determined as follows: <0.9 g, 1-1.9 g, 2-2.9 g, 3-3.9 g. Next month the numeric proportion was 4:1 with H. verbana again more abundant than H. medicinalis. The number of juveniles (<0.9 g) much decreased within a month: it was up to quarter and more in April: 24% and 27% for H. medicinalis and H. verbana, respectively, and only 8% and 2% in May (Fig. 3) .
However, new weight classes (large specimens) appeared: 4-4.9 g for H. medicinalis and 5-5.9 g, 6-6.9 g and 7-7.9 g for H. verbana (Fig. 3) . To analyze the data we applied Mann-Whitney U test for assessment the differences between the samples. Significant differences between simultaneous samples of the two species were not found (P > 0.05). However, significant differences (P < 0.05) between sequential samples within each species were obtained with the application of Wilcoxon test (Table 1) . 
2010
The number of sampled medicinal leeches decreased this year in comparison with the previous one: maximum sample size was only 31 specimens of both species. We detected the leeches three times per season: 7 May, 29 May and 9 August. In the first sample, H. verbana outnumbered H. medicinalis with the proportion 3:1. In May the leeches of both species were ranged into the small weight classes: <0.9 g and 1-1.9 g (Fig. 4) . The next sample contained only 4 specimens of H. verbana.
In August the numeric proportion of H. verbana and H. medicinalis was 3:2. Again, H. verbana was dominant in contrast to H. medicinalis. The leeches of the weight 2-2.9 g appeared most numerous (Fig. 3) . And, as in the previous season, large individuals emerged towards the end of the season: 4-4.9 g and up to 6 g (Fig. 5) .
The Mann-Whitney U test and the Wilcoxon test showed similar results with the previous year: signifi- cant difference between sequential samples during the season for each species and no significant difference between simultaneous samples of the species (Table 1) . Also ranges and variances were calculated for all the samples (Table 1) .
Discussion
This research is aimed at revealing the natural ecological preferences of Hirudo verbana and H. medicinalis in the wild syntopic populations of two species, which inhabit a steppe ephemeral lake. The cohabitation per se is an uncommon fact for medicinal leeches, which have rather separated ranges with only few points of overlapping (Utevsky et al. 2010 ). The first case of cohabitation was recorded by Nesemann & Neubert (1999) in the Balaton area in Hungary, and the second known case was Lake Horile in Ukraine.
Lake Horile belongs to the kind of ephemeral lakes, which do not dry off annually (Utevsky et al. 2000) . Within two years the number of the leeches taken from the lake much decreased. In summer 2009 it dried off first after several years, and that was obviously a factor which decreased the survival of the leeches hibernating in soil during the dormant period. We suppose that the hydrologic conditions of this habitat could affect the general population size of H. medicinalis and H. verbana.
The number of H. verbana proved to be higher than the number of H. medicinalis in all samples in the ratio from 3:2 to 4:1, indicating the greater success of the former species in the lake. Even while the population strongly decreased in 2010 the ratio remained the same. It is probably related to the environmental conditions which are more favorable for H. verbana: the steppe ephemeral lakes and lakes with a seasonally fluctuating surface square are native habitats for them, as opposed to H. medicinalis inhabiting shaded forest lakes with a constant surface area (Utevsky et al. 2010) .
The emergence of the additional large size classes of H. verbana during the season corroborates the hypothesis of a higher adaptation of H. verbana to ephemeral steppe lakes, while H. medicinalis is less successful in this type of habitats. Thus, the individuals of the H. verbana grow rapidly. This is useful at the present conditions as they have a very limited time to reach maturity, copulate and produce cocoons before the lake dries off in the middle of summer. Hirudo medicinalis is not limited by the time-frame so strictly, and individuals grow slower. The middle of summer is a height of the breeding period, therefore they do not reproduce so successfully as H. verbana individuals do. These facts enable us to conclude that Hirudo verbana is an r-strategist and H. medicinalis is a Kstrategist. Our results corroborate the conclusion of Petrauskien et al. (2010) , obtained from the laboratory experiments.
However, if this water body is unfavourable for H. medicinalis, how can they inhabit it and why this species has not been found in the neighboring lakes? Probably the coexistence can be caused by the uncommon conditions in the lake: the water temperature does not exceed 23
• C even when the air temperature in the shadow reaches 40
• C. The reed overgrows the lake almost totally providing shade, and the ground waters help to keep the water cool and the soil moist in the period when the lake looks dried off. Thus the conditions of this habitat are quite similar to the natural requirements of both H. medicinalis and H. verbana (Utevsky et al. 2010) .
